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Abstract 
It is important to develop solar energy resource potential for improving indoor thermal comfort. In this 
paper, we used the statistical method to analyze observation data for temperature change in an elementary 
school classroom located in the clod region. The temperature data are recorded hourly in outdoor, the 
sunspace attached (SA), the classroom with a SA, and the reference classroom (RC) respectively. Results 
show that the daily mean temperature of the classroom with a sunspace attached (CAS) is higher 6.6℃ 
than RC in the heating period. The heating effect of the sunspace is obvious during the day, while a lot of 
heat loses at night. To reach the indoor suitable temperature of 16℃，the fuel 315.51kgce are required, 
and only 61.1% of the heating requirement of the classroom are met. In order to increase the heat effect of 
SA, it is essential to improve the structure of the sunspace and building material properties. 
Keywords: solar energy, attached sunspace, school classroom, space heating effect, Qinghai-Tibet Plateau; 
1. Introduction 
A number of energy consumption has caused global warming and produced a threat to human survival 
and development. The solar energy has the widespread use in heating, cooling, lighting, cooking and 
power generation. In order to respond the climatic change and master the key technology of solar energy 
utilization, most of countries are developing hard this field. In recent years there are a large number of 
study reports about the utilization of solar energy. But the reports on the application of solar energy in 
public facilities are limited, especially in the lower economic level countryside.  
 Giorgos N et al [1] assessed the energy consumption, emissions and potential energy savings in the 
Hellenic non-residential building stock. The heating studies are mostly focus on heat energy and 
electricity consumption in the developed countries. Umberto Decider et al[2] calculated the main thermal 
and electrical consumption index and possible intervention to save energy in the school in central 
 
* Corresponding author. Tel.: +86-931-8914027; fax: +86-931-8914027. 
       E-mail address: shuwenn@lzu.edu.cn. 
Open access under CC BY-NC-ND license.
1194  ZHANG Xifeng et al.\ / Energy Procedia 14 (2012) 1193 – 11982 Zhang Xifeng/ Energy Procedia 00 (2011) 000–000 
 
2
Italy.The energy efficiency, comfort and air quality conditions of the school building in the climate zone 
of Greece were paid widely attention to[3,4]. Lu Chao et al [5] found that SA as a heating collector played a 
certain role in energy savings during the heating period. Liu Juan found that the average temperature 
indoors of passive solar house increased about 14  without using any auxiliary energy℃  in the Yinchuan 
area [6]. 
 In schools of west rural China, biomass energy and coal have accounted for a large share in the energy 
consumption of schools. Biofuel burning heavily influence the air quality of classroom, and thermal 
comfort is low in the classroom. However, abundant solar energy resources in this region have not been 
utilized fully. In this paper, thermal effect indoors is compared between CSA and RC in an elementary 
school. The potential of solar energy in heating space is assessed. Our purpose is to seek a feasible way to 
resolve the problem of space heating in cold areas, and provide a scientific basis to improve the thermal 
comfort of classrooms.  
Nomenclature 
 W         the actual fuel consumed for space heating in classroom 
Tr         the temperature of RC  
Tc        the temperature of CSA  
∆T1       the mean temperature difference of the classroom with a sunspace attached (CSA)and the 
reference classroom(RC)/ (℃) 
 ∆T2      the mean temperature difference of 16℃ and the reference classroom/(℃) 
 W1       actual consumption of fuel by a stove/(kgce) 
 W2       the  amount of fuel consumed to maintain indoor temperature of 16℃/(kgce) 
  e         the coefficient that is used to convert the fuel to standard  coal 
 w         the fuel consumed by a stove/(kg) 
DMT    the daily mean temperature 
2. Introduction of Study Area 
The case school is located in Lintan County, in the eastern edge of Qinghai-Tibet Plateau. Here the 
altitude is 2890m. The annual average temperature is 3.3 ,℃  the extreme minimum temperature is only -
27.1 .℃  The heating period continues for 8 months from September to April. Obviously, a large number of 
fuels are required for space heating.  For long time past, local peasant and herdsman mainly depend on 
firewood, crop straw, livestock manure and other biomass for cooking and heating. Biomass use has 
resulted in serious degradation of vegetation. 
This is a zone that agriculture and livestock cross, and is also one of the poorest counties in western 
China. Peasant per capita income was only 2420 Yuan in 2010. Although various commodity energy, 
such as coal, electrical are widely use by rural schools, thermal comfort in the schoolroom is still poor. 
The annual average sunshine reaches to 2416.5 hours, and solar radiation is over 5348.6 MJ/m2. Based on 
the observation data, this study analyzes the temperature change of CSA and RC. The results provide a 
scientific basis to strengthen rural energy construction and improve the thermal comfort of classrooms. 
3. Data Acquisition and Methodology 
3.1. Data acquisition 
The temperature data are obtained by S100-Temperature Intelligent digital logger of precision. The 
logger can record hourly the temperature data. We observed the temperature 3 months from September 1, 
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2010 to December 1, 2011. In addition, we investigated the date when stoves were utilized in the 
classroom for heating and the number of coal use. 
3.2 .Methodology  
The SA has a function of space heating for the classroom in sunny daytime, but not heating effect in 
cloudy day and night-time. Space heating in the classroom comes from both stove and the SA. There is 
not any auxiliary heating measure in RC during the whole observation. Compared to the temperature 
change processes between CSA and RC, we analyze the heating effect of sunspace. If the indoor 
temperature increases further to the suitable degree 16℃，how much the fuel are required yet?  
 Firstly, according to a suitable  indoor temperature, observation data is divided into the three 
ranges:1)>16℃，2) >18℃，3)>26℃.The interval [16-26℃] is a relative comfort extension for human 
living. Their frequencies are summed up, respectively. 
 Secondly, We define relative variables and parameters, see the above “Nomenclature”.    
                                                            weW =1                                                                                 (1) 
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             3.3. Description of the attached sunspace   
As the main type of the thermal collectors,  the 
SA transfers the heating energy into classroom by 
heat exchange between the classroom and sunspace. 
The case classroom is towards the south east 10°with 
depth 2.57m, length 20.12m, and height 2.8m.  The                    
structure and materials can be seen Fig.1.                             Fig.1. Sketch of a attached sunspace classroom 
                                                                                             
4. Analysis of Results 
4.1. General statistics analysis of observational data 
There were two stages that temperature decreased 
obviously (see Fig.2). Thus the observation period may 
be divided into three periods:1) the outdoor daily mean 
temperature is lower than 16℃ in 1/9-23/9; 2) the 
outdoor daily mean temperature(DMT) is lower than 
10℃ in 24/9-24/10; 3)the outdoor daily mean 
temperature is lower than 3℃ in 25/10-1/12. In the third 
period ,the school began to use a stove providing heat. 
According to the field survey, about 7kgce coal is consumed   Fig.2. The daily mean temperature change curve 
daily. The curves that daily mean temperature changes during the whole observation period     is shown in 
Fig.2. We find the similarities and s differences among the four lines.  
 The DMT of CSA is higher than that of  RC during the whole observation period. In the first two 
periods, the DMT of sunspace is higher than classroom except several cloudy days. With the assistance of 
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the stove, the DMT of SA is lower than the CAS in the coldest period. The temperature difference 
between RC and outdoor increases when it grows colder gradually, and the temperature difference 
between CSA and RC increases in the coldest period. The DMT of CSA are higher 3.3℃, 3.4℃ and 
4.8℃ than those of RC in the three periods, respectively. It is the significant stage when pupils are in 
school from 7:00am to 18:00pm, the mean temperature of CSA is higher than 6.6℃ of  RC.  
General statistics of hourly observation data is shown in Table 1. The average temperature of four 
observation sites decreases gradually from the first period to the third period. Because of heat loss at night, 
the minimum temperature of the SA is lower than the CSA. However, the maximum temperature of the 
SA is much higher than the CSA during the day, so its’ heating effect is obvious. All of the Cv values are 
small, which indicates that temperature changes are relative stable. 
Table 1. General statistics of observational data 
 Outdoor Sunspace  CSA RC 
period 1 2 3 1 2 3 1 2 3 1 2 3
*frequency  552  721 934 552  721 934 552  721 934 552  721 934
Average(℃) 15.9  9.6  2.9  19.7 14.2  8.5 19.5 14.8 10.3 16.3 11  5.5
Max(℃) 31 22.8 16.8 38.6 32.4 27.7 28 21.2 16.9 23.1 14.5 11.1
Min(℃) 6.8  2.2 -8 8.8 4.7 -5.8 14.5 9.9 3.2 11.6 7.4 -1.1
Stdev 
Cv(%) 
5.41 
0.34  
4.11 
0.43  
4.97 
1.72  
6.95
0.35 
6.84
0.48 
8.5
1.00 
3.04
0.16 
2.15
0.15 
2.66
0.26 
2.96 
0.18  
1.41 
0.13  
2.15
0.39 
*Note: “frequency”   means time points that data are recorded, the logger records hourly the temperature one time.  
Fig.3-Fig.5 represent the hourly temperature changes of typical three days (non-weekend and non-
cloudy day)in four observation points. The temperature difference between the SA and the CSA reach 
maximum at about 13:00 o’clock of each day. The temperature peak of the CSA appears later than that of 
the SA. In the three days, all temperatures of RC are obviously lower than CSA.  
 
 
 
 
 
 
 
Fig.3 .Hourly temperature change             Fig.4. Hourly temperature change                     Fig.5. Hourly temperature change 
          on September 15-16                                      on October 15-16                                                    on November 15-16 
4.2. Temperature change under different conditions 
Selecting the temperature data of four 
points from October 20 to November 2, we can 
see the temperature of SA responds sensitively 
to weather change in Fig.6. In typical sunny 
days, the sunspace plays fully a role of 
collecting heat. In overcast, it loses the 
function of space heating.                                                
It is sunshine from Oct.20 to 23, the 
temperature of SA appeared some peaks, in which      Fig.6. Hourly temperature change in sunny and cloudy days   
the daily maximum temperatures of CSA and outdoors are rather close. But the lowest valleys of CSA are 
higher than those of outdoors. It was cloudy days on October 24, 25 and 28, the hourly temperature of 
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CSA is higher than the SA and outdoor. The reason is that the CSA has a good enclosure structure, but the 
sunspace has not this structure. Pupils begun to use a stove in the classroom from Oct.26 except the 
weekends. The daily temperatures of CSA are higher than outdoors, but the peak temperatures of CSA are 
lower than outdoor in the weekends (Oct.30, 31). 
4.3. Heat effect of sunspace  
The enclosure structure of sunspace forms a relatively closed space and blocks the air flowing. The 
solar radiation can pass through the glass, and the long-wave radiation in the sunspace is difficult to 
escape. The air temperature of sunspace will rise by cumulative heat, but the sunspace loses heat quickly. 
It does not have heat effect at night or cloudy days. The DMT change of daytime and night during the 
whole period are shown in Fig8- Fig9. The blue line is significantly higher than the red line in the 
daytime, but the result is reversed at night. This reflects a poor heat preservation effect of sunspace.  
         Fig.7. Daily mean temperature change                                                       Fig. 8. Daily mean temperature change 
      in the daytime during the observation period                                                      at night during the observation period    
4.4. Proportion in the standard indoor fundamental temperature and thermal efficiency  
In the Energy-saving Design Standard for Civil Buildings JGJ26-95 [7] published by the Chinese 
government, 18℃ is taken as the basic indoor temperature required for comfort. Additionally the Indoor 
Air Quality Standards [8] promulgated by China in 2003 stated that the indoor temperature during the 
winter heating period should be maintained at 16–24℃. Shu-wen Niu[9] believed it is feasible to take 
16℃as the standard for indoor temperature in rural areas. In this paper, we analyze three proportions that 
frequencies of time points that are higher than 16℃, 18℃ and 26 (overheat)℃ , respectively, account for 
the whole time points. All data is selected from in the workday from 7:00 to 18:00. 
Table 2. Proportions of hourly temperature in the three ranges (%) 
Items Outdoor            Sunspace              CSA RC 
Period 1 2 3 1 2 3 1 2 3 1 2 3
Higher than 16℃ 62.5 20.8 0.5 81.6 56 44.6  89 32.4 2.2 44.1 0.0 0.0
Higher than 18℃ 49.8 9.7 0.0 74.6 49.7 37.3 67.8 12.4 0.0 30.1 0.0 0.0
Higher than 26℃ 11 0.0 0.0 37.5 19.7 2.4 2.3 0.0 0.0 0.0 0.0 0.0
The table 2 shows that the percentages of hourly temperature of sunspace are higher than the other 
observation points. The percentages of CSA are higher than those of RC. Though the percentage(>16℃) 
of CSA is 32.4% in the colder period, and 2.2% in the coldest period, most of hourly temperatures are 
over 10℃. It indicates that the sunspace can solve just only parts of heating demand.  
 The result shows, the mean temperature difference of CSA and RC in the daytime of workday is 
6.6℃(∆T1) in the coldest period, and the ∆T2 is 10.8℃.The actual energy use of CSA is 192.81kgce.To 
reach the indoor suitable temperature of 16℃, the corresponding amounts of fuel required are 315.51kgce. 
The finding indicates that the heating requirement of CSA are currently met only 61.1%. 
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 5. Conclusions  
The DMT of CSA are higher 3.3℃, 3.4℃ and 4.8℃ than those of RC in the three periods, 
respectively. It is the significant stage when pupils are in school from 7:00am to 18:00pm; the mean 
temperature of CSA is higher 6.6℃than that of RC. 
The heating effect of sunspace is obvious during the sunny days, but it loses a lot of heat at night. 
Though >16℃ percentage of CSA is lower 2/3 in the heating period, most of hourly temperatures are 
over 10℃. It indicates that the sunspace can solve only parts of heating demand.  
To reach the indoor suitable temperature of 16℃，the corresponding amounts of fuel required are 
315.51kgce. The find indicates that only 61.1% of the heating requirement of CSA is currently met.           
Although CSA has a certain warming effect, it is difficult to meet the all demands for thermal comfort in 
the coldest time.  
 6. Discussion and Suggestions  
 In order to improve the heating effect of sunspace, we suggest: 1）Reducing sunspace depth from 
2.57m to 1.2m [10]; 2) Smear the deep color to the public wall to absorb more solar radiation; 3）Setting up 
the upper and lower vents in public wall between classroom and the sunspace; 4) Thickening the east and 
west side surfaces of sunspace to prevent the heat losing; 5) Improving the house structure and building 
material, to increase the ability of heating preservation. 
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